We therefore determined the accuracy of the radiologic diagnosis of ulceration by comparing the radiologic and morphologic findings in 155 carotid endarterectomies. Ulceration was diagnosed in 54% of the angiograms and 47% of the surgical specimens and was not related to the degree of stenosis. Angiography had a sensitivity of 73 %, a specificity of 62% and an overall accuracy of 67%. For the non-flow-restrictive lesions these figures were 65%, 66%, and 66%. If surgery were based on the angiographic diagnosis of ulceration in plaques with less than 50% stenosis, 16 out of 42 operations (38%) would have been done unnecessarily. Variability of the angiographic diagnosis of ulceration is also shown by a high interobserver variability; two sets of two authors read the angiograms independently and disagreed in 24% of the cases. The decision to operate should not depend entirely upon the angiographic diagnosis of ulceration.
SUMMARY It is generally stated that ulceration of the carotid bifurcation plaque may give rise to embolization and symptoms of cerebral ischemia. It has been suggested that prophylactic carotid endarter ectomy is indicated in asymptomatic patients if the angiogram is interpreted as showing ulceration.
We therefore determined the accuracy of the radiologic diagnosis of ulceration by comparing the radiologic and morphologic findings in 155 carotid endarterectomies. Ulceration was diagnosed in 54% of the angiograms and 47% of the surgical specimens and was not related to the degree of stenosis. Angiography had a sensitivity of 73 %, a specificity of 62% and an overall accuracy of 67%. For the non-flow-restrictive lesions these figures were 65%, 66%, and 66%. If surgery were based on the angiographic diagnosis of ulceration in plaques with less than 50% stenosis, 16 out of 42 operations (38%) would have been done unnecessarily. Variability of the angiographic diagnosis of ulceration is also shown by a high interobserver variability; two sets of two authors read the angiograms independently and disagreed in 24% of the cases. The decision to operate should not depend entirely upon the angiographic diagnosis of ulceration.
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THERE HAS BEEN CONVINCING DOCUMENTA TION of the relationship between ischemic stroke syn dromes and carotid bifurcation atherosclerotic changes and it is generally recognized that symptoms may oc cur either from embolization from the carotid bifurca tion or from flow restriction due to either stenosis or thrombosis of the carotid arteries. Thrombosis result ing in total carotid occlusion is usually easily recog nized. Estimation of degrees of flow restricting sten oses however is more difficult and there is a high incidence of inter and intraobserver variability in the interpretation of angiograms. Diagnoses of plaque ul ceration may be subject to even wider variability since often subtle pathologic changes are not easily recorded on the radiograms which, usually taken in only two views, offer a very limited portion of the entire circum ference of the vessel for study. The decision to operate or not in either symptomatic or asymptomatic patients may often rest solely upon the angiographic appear ance of the carotid bifurcation. In instances in which the degree of stenosis viewed on the angiogram ex ceeds 50-70% of the transverse diameter and cerebral hemispheric symptoms appropriate to that vessel are present the indication for surgical intervention seems clearer than when stenosis is not so evident whereupon the radiographic interpretation of "Ulceration" may be the determining factor.
Because of the great clinical importance of the radiographic diagnosis of ulceration in decision mak ing regarding operative intervention upon carotid le sions, a control study was made comparing the radio graphic and gross morphologic findings in carotid artery plaques to determine the accuracy with which this diagnosis compared with the gross morphologic findings in 155 carotid artery plaques retrieved surgi cally.
ANGIOGRAPHY AND CAROTID ULCERATION/£,fe»oom et al
derived from 124 patients. Angiography was per formed generally by transfemoral selective common carotid catheterization with visualization of the carotid bifurcation in frontal and lateral views. Angiograms were reviewed by two experienced neuroradiologists with a composite experience of 30 years in neuroradi ology who were unaware of the operative findings and who had to reach agreement on the characteristics of the carotid bifurcations. Degrees of stenosis were measured by comparing the residual lumen within the plaque to the lumen of the carotid artery distal to the bulbus. Ulceration was diagnosed when there was ir regularity of the vessel wall or a well circumscribed double density superimposed on the artery. Other characteristics that were recorded were sharply marginated rounded filling defects in the vessel wall (diag nosed intraplaque hemorrhage), and intraluminal thrombus. Carotid occlusions were excluded from the study. The gross characteristics of carotid plaques were described by the surgeons after the arteriotomy was made, before removing the plaque. Photographs were made while the plaque was in situ as well as after its removal. Ulcerations were diagnosed when there were either clear cut breaks in the lining of plaques over areas of hemorrhage or atherornatous debris, (usually encountered at the very origins of the internal carotid arteries) or if there were pits and depressions in plaques often with sharply delineated margins of color differences between the base of the pit and the adjacent luminal surface of the plaques. Such areas, though their depths might be quite smooth, were interpreted as areas from which embolization of the arterial wall had occurred and a smooth lining had been restored.
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In other instances deep depressions in the plaque were partially filled with adherent pink thrombus. Correla tions were then made with the angiographic findings. No attempts were made to correlate either the light microscopic or electron microscopic findings of lack of continuity of luminal lining cells with the radio graphic findings since it could not be expected that such small morphologic features could be recorded radiographically.
Results
The incidence of the different gross plaque charac teristics on angiography and surgery is given in table 1. As more than one characteristic could be found in a single plaque, the total numbers exceed the number of plaques that were available for comparison. Ulceration was the most common gross characteristic as it was seen on 54% (84/155) of the angiograms and 47% (73/ 155) of the surgical specimens. Hemorrhage was diag nosed in only 14% of the x-rays, while gross hemor rhage was seen in 32% of the cases. Thrombus was an infrequent finding on angiography (4%) as well as during surgery (8%). The incidence of ulceration was then determined for the four different degrees of stenosis as determined on angiography: 0-24%, 25-49%, 50-74% and 75-99% (table 2) . Ulceration proved to be alrnost equally pres ent in all categories, both on angiography' and in the surgical specimens.
The diagnostic accuracy of angiography with regard to ulceration was determined from the numbers in table 3. Of the 73 times that ulceration was seen in the surgical specimens, it was so diagnosed 53 times and not 20 times oh angiography. This resulted in a sensi tivity of angiography of 73% (53/73). No ulceration was seen grossly in the other 82 specimens; of these, 51 angiograms were negative for ulceration while 31 positive, giving a specificity of 62% (51/82). The overall accuracy was 67% (104/155), the predictive value of a postitive angiogram 63% (53/84) and the predictive value of a negative angiogram 72% (51/71). When the same calculations were made for only nonflow restrictive lesions, i.e. for stenosis less than 50%, the sensitivity was 65% (26/40), the specificity 66% (31/47), the overall accuracy 66% (57/87), the positive predictive value 62% (26/42) and the negative predic tive value 69% (31/45) (table 4).
Discussion
A number of gross morphologic changes are en countered in patients who are experiencing cerebral ischemic symptoms.
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Ulceration is usually promi nently mentioned as being a source of emboli and in its absence on the angiograms carotid lesions are thought to be less apt to result in subsequent strokes. It had previously been documented 3 that ulceration when seen grossly had a poor correlation with symptoms since 40.6% of 101 asymptomatic plaques had ulcer ation compared to 48% of 275 symptomatic plaques studied (p" 0.05). Indeed grossly apparent intraplaque hemorrhage, found in Vi of all symptomatic patients had a higher correlation with symptoms than did ulcer ation. If one accepts the broad definition of gross ul ceration previously described, there being a variety of configurations, ranging from minimal disruptions of the luminal lining to deep protrusions into plaque thickened by intramural hemorrhage or collections of atheromatous debris, to shallow pits presenting a smooth lining, to deeper pits containing pink laminat ed thrombus, suggesting that these are sites from which previous embolization had occurred and then healed, 4 then gross ulceration was the most frequent finding in this study being present in 47% of the speci mens. As in other studies 5,6 the pressure of ulceration was not related to degrees of stenosis as its prevalence was almost equal in the four different stenosis catego ries. The variety of frequently subtle structural changes in carotid plaques which can be interpreted as ulcer ation render accurate radiographic diagnosis difficult. The relatively low sensitivity, specificity and overall accuracy with predictive values which range between 62 and 72% regardless of the stenosis category be it greater or lesser than 50% confirms the difficulties encountered by other groups 1, 7 culminating in the statements of Julian 8 and Bartinsky 9 that the angio graphic diagnosis of ulceration is impossible! Coupled with, the inherent difficulty of attempting to diagnose subtle surface characteristics of carotid plaques from a limited number of views of the outline of the lumen [10] [11] [12] is the high observer variability encountered. In this study angiograms were re-read for ulceration by two of the authors, both experienced neuroradiologists who were unaware of the original classification. This re sulted in disagreement in 37 of the 155 cases (24%); on 18 of these the original classification was right and in the other 19 the second classification was correct.
Moore 13 has developed a system of classification of the angiographic appearance of the carotid artery based upon the degree of irregularity diagnosed on the stan dard angiogram. Although no description is given of the pathologic findings in those patients whose plaques were removed surgically arid their correlation with an giographic findings, he concluded that surgical inter vention is justified for large and compound ulcerations in non stenotic plaques while smaller types of irregu larity do not warrant surgical intervention since in a period of follow-up such relatively minor lesions were infrequently associated with strokes. The natural histo ry of carotid ulceration was also studied by Kroener, 14 who found a cumulative stroke rate by life-table analy sis of 1 % at seven years and concluded that prophylac tic endarterectomy is not justified for asymptomatic ulceration. From our own investigation into carotid plaque pathology one would suspect that in those pa tients who Moore considered to be surgical candidates there was a very high incidence of intraplaque hemor rhage.
When the data were analyzed for the ability of the angiographic study to delineate intraplaque hemor rhage 15 the correlation was discouragingly low. Two of the six times that hemorrhage was diagnosed on the angiogram it was present and grossly apparent in the surgical specimen.
One can only conclude from the present studies that the angiographic appearance of carotid bifurcation plaques is not sufficiently diagnostic of the pathologic changes encountered in the arteries of asymptomatic patients to permit final decisions regarding surgical intervention to rest solely upon the angiogram. In this series, if surgery were based on the angiographic ap pearance of ulceration in plaques with less than 50% stenosis, 16 out of 42 operations (38%) would have been performed in spite of the minimal pathologic changes at the carotid bifurcations. Rather, the deci sion to operate should rest upon a variety of factors including the patterns of symptoms, degrees of steno : sis, degrees of irregularity on the angiogram and in selected instances, failure of medical therapy. Indeed there were times when even minimal angiographic dis tortions were associted with advanced pathologic changes including intramural hemorrhage and ulcer ation discovered when the indication for surgical inter vention was the repetitive, stereotyped recurrent at tacks of transient cerebral or ocular ischemia which has come to be associated with microembolization from the carotid arteries. SUMMARY One hundred twenty eight cervical carotid arteriograms were twice viewed by three readers for the evaluation of atherosclerotic disease at the carotid bifurcation. Stenoses were estimated using calipers to the nearest 5% and lesions were qualitatively characterized as smooth, irregular, or ulcerated. The intraobserver correlation coefficient between estimates of percent stenosis was .94 overall and .98 for the internal carotid artery. The average intraobserver variability in estimating percent stenosis was 5.23% for all vessels and 6.04% with a standard deviation of 8.09% for the internal carotid artery. The intraob server percent agreement at a fixed stenosis is denned as the percent of the time one reader on two readings would read at least the fixed percent stenosis among cases that might be read as having the fixed percent stenosis. The intraobserver percent agreement rate for the internal carotid artery was 95.9% at > 0% stenosis, 90.4% for 50% or greater stenosis, and 96.8% for 100% stenosis (total occlusion). The interobserver correlation coefficient between readers was .92 overall and .97 for the internal carotid artery. The absolute difference in percent stenosis between readers was 7.21% for all vessels and 8.64% for the internal carotid artery with a standard deviation of 9.5%. The interobserver agreement rate for the internal carotid artery at > 0% stenosis was 93.0%, 85.4% for 50% or greater stenosis and 96.8% at 100% stenosis. The addition of oblique views had no statistical effect on estimates of percent stenosis but increased the frequency with which irregularity and ulceration were diagnosed in the internal carotid artery.
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CEREBRAL ANGIOGRAPHY remains the major di agnostic tool in evaluating symptomatic patients with extracranial occlusive disease and is also used as a reference standard for evaluating newer noninvasive diagnostic modalities. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Although major patient man agement decisions and evaluations of new techniques and equipment are based on angiographic interpreta tions, no detailed statistical analysis of observer vari ability has been performed. This study was designed to assess this variability and in addition to evaluate the contribution of oblique views to the characterization of stenotic lesions of the carotid bifurcation.
Materials and Methods
The angiograms of 100 consecutive patients who underwent cerebral angiography which included serial biplane filming of the cervical carotid arteries were reviewed. From this population, 64 cases were select ed on the basis of having AP, lateral and two oblique views of each carotid bifurcation which were of suffi cient technical quality to permit careful evaluation un der normal viewing conditions. AP and lateral films were obtained on 10 by'12 inch Schonander changers with the patient supine. The patient was then rotated en bloc 20 degrees away from the side of the catheter and the filming repeated producing "AP" and "lateral" oblique views. The 20 degree angle of rotation was chosen because of its easy reproducibility using stan dard positioning sponges. Nine ml of conray-60 were injected over 1.5 seconds and films obtained at a rate of 2 per second for 3 seconds. Each case consisting of both the left and right sides was then identified by number and the single best opacified view of the cervi cal carotid artery in each of the four projections for both sides was selected for viewing. Using standard statistical methods, each of three readers were given a
